Objectives: To examine the relationship between cigarette smoking and a range of nutrient intakes and blood status indices in older people. Design: National Diet and Nutrition Survey: cross-sectional survey of nationally representative sample of people aged 65 years and over. Setting: Mainland Britain during 1994/95. Subjects: 1191 people (619 male, 572 female) aged 65 years and over, of whom 920 were living in private households and 271 were living in institutions. Results: Cigarette smoking was inversely correlated with intakes of antioxidants and other micronutrients after adjustment for age, sex and domicile. Cigarette smoking was also inversely correlated with a number of antioxidant micronutrient status indices including plasma vitamin C and the carotenoids (but not vitamin E status indices), and with other micronutrient status indices, including plasma pyridoxal phosphate, red cell and serum folate, after adjustment for age, sex, domicile and the corresponding nutrient intake. Previous cigarette smoking or cigar/pipe smoking was not generally associated with lower nutrient intakes or status indices, however, both current and previous cigarette smoking was associated with increased concentrations of acute phase indicators. Further adjustment for total energy intake and/or sociodemographic, health and drug usage variables attenuated only a few of the associations observed. Conclusion: Older people who smoke cigarettes are at increased risk of suboptimal antioxidant and other micronutrient intakes and status, but the lower intakes found in cigarette smokers only partly explain their reduced blood indices.
Many studies of cigarette smokers have reported lower dietary intakes [1] [2] [3] and lower blood concentrations of certain antioxidants [4] [5] [6] [7] [8] and other micronutrients such as folate [9] [10] [11] , and this may contribute to the increased risk of vascular disease 12 and certain cancers 13 observed in smokers. Cessation of cigarette smoking resulted in acute improvements in plasma antioxidant status 14 and progressively improved nutrient intakes with time since cessation of smoking 15 . The abundance of free radicals in, or produced by, cigarette smoke may induce an oxidative stress on both the respiratory and circulatory systems 16 , and the lower blood levels of antioxidants found in smokers may partly be a consequence of a greater antioxidant depletion due to a sustained smoke-related oxidant load 12 .
Mechanisms to explain the adverse effects of smoking on non-antioxidant micronutrients such as folate and vitamin B 12 are less well studied but some of the chemical agents in cigarette smoke have been shown to inactivate these nutrients 13 ; other possible mechanisms may be via destruction or displacement from the circulation 10 . Recent supplementation trials have been carried out to test the effectiveness of pharmacological doses of specific antioxidants particularly vitamin E and bcarotene, and other micronutrients such as folate, on the potential to reduce the incidence of cigarette smoke-related diseases [17] [18] [19] [20] [21] [22] , but the results of these studies have so far been inconclusive 23 . It has recently been suggested that daily consumption of a variety of fruits and vegetables, a natural complex source of carotenoids, may remain the better way to help reduce the risk of cancers and cardiovascular diseases in both smokers and non-smokers 24 .
Little of the research into the adverse effects of smoking has been carried out in older people. This population group are a vulnerable group with respect to micronutrient deficiencies for various reasons including decreasing food intakes 25 and impaired metabolism 26 , higher incidence of disease and drug administration. A decrease in blood levels of vitamin C, b-carotene 27 and folate 9 with old age was reported to be greater in smokers compared to non-smokers, independent of nutrient intake.
A cross-sectional National Diet and Nutrition Survey of people aged 65 years and over was carried out in mainland Britain during 1994-95, and included assessment of food and nutrient intakes and a wide range of nutrient and other blood status indices. This provided the opportunity to examine the relationships between smoking and a range of antioxidant and other nutrient intakes and status indices in a large sample of older people and to consider the results in terms of their implications for dietary requirements for micronutrients.
Subjects and methods
Data from the National Diet and Nutrition Survey (NDNS) 28 of people aged 65 years or over in mainland Britain were used in this study of the relationships between smoking and nutrient intakes and status of older people. The NDNS was commissioned by the British government (Department of Health and the Ministry of Agriculture, Fisheries and Food) and carried out during the period October 1994 to September 1995. Social and Community Planning Research (SCPR) selected a sample of older people, from 80 postcode sectors within Britain, using a stratified random design. Both those living in private households (79% of total) and in institutions, i.e. residential and nursing homes (21% of total) were represented in each sector. For statistical adequacy, predetermined numbers were recruited from both sexes and from each of the following age groups: 65-74 years, 75-84 years and 85þ years, and this required over-sampling of male subjects and of the older age groups. Seventy-eight per cent (n ¼ 2060) of the eligible sample, selected to be included in the survey, took part. Of these, 82% provided a 4-day dietary record and 60% provided a blood sample for nutrients analysed in this study.
Information on lifestyle, health, and eating and drinking habits of the participants was obtained through a structured interview carried out by trained fieldworkers. As part of this interview participants were asked if they had ever smoked cigarettes, a cigar or a pipe; if they currently smoked, and if so, how many cigarettes/cigars they smoked daily; and for those who had given up cigarettes, how long ago they had stopped smoking. Following the interview those living in private households were asked to keep a weighed record of all food and drink (including alcohol) consumed over 4 consecutive days. For those subjects unable or unwilling to keep a weighed record, a descriptive diary, with household measures and portion sizes, was kept by the participant or carer, and weights were assigned by the survey nutritionists. Those living in institutions were visited daily for 4 days by the interviewer who weighed one main meal on each visit. The participants, or their carers, were asked to keep a descriptive record of all food and drink consumed for the remainder of each 24-h period. A feasibility study in this age group had previously shown that there were no significant differences in average intakes of key nutrients between a 7-or a 4-day dietary record, but levels of compliance and completion of the record were higher in those keeping the 4-day record 29 .
The feasibility study showed intakes of a-and bcarotene and total fat intake varied according to the day of the week. It was considered essential to have records for all days of the week in the main survey and thus a dietary record placement pattern was selected which would ensure an even spread of start days throughout the week 28 . A trained nurse obtained the following in the participants home: anthropometric and grip strength measurements, information on the use of medications, blood pressure measurement and an early morning blood sample, usually fasting. The blood sample was taken after the 4-day diet record generally within a few days, and no more than 2 weeks later. Analyses for haematology and haematinic nutrients (including serum folate and vitamin B 12 ) were performed at Addenbrooke's Haematology Laboratory, Cambridge, UK, and other biochemical index measurements were performed at the MRC Human Nutrition Research, Cambridge, UK. The vitamin status index and other biochemical assay procedures are reported elsewhere 28 . The analysis reported here was restricted to those 1191 participants who provided a full 4-day dietary diary, a blood sample and information on smoking. Preliminary analysis showed that those who did not provide this information (n ¼ 869) differed demographically (i.e. they were more likely to be 85þ years than Ͻ 85 years, P Ͻ 0.01; female than male, P Ͻ 0.0001; and live in Scotland and northern England than central and south-west England, P Ͻ 0.05), but the provision of a blood sample or a 4-day diary was not significantly associated with smoking status. A weighting variable was applied to mean values, to correct in the private household sample for disproportionate sampling of sex and age groups, over-representation of people living alone and different co-operation rates between subgroups for region, sex and age. The institution sample was weighted to correct for disproportionate sampling of institutions by area and of individuals within institutions. Thus mean values (but not numbers of subjects) are based on a representative sample of people aged 65 years and over in mainland Britain. Participants who reported taking supplements of the nutrient in question during the 4-day record were excluded from the analysis to prevent severe skewness of the data. Preliminary analysis for key nutrients, such as vitamins C, E and D and folate, showed that the proportion of supplement takers did not differ significantly between cigarette smokers and non-cigarette smokers (P Ͼ 0.1). Data reduction was performed using Microsoft Excel and data analysis was carried out using DataDesk computer programs (Data Description, Inc.). General linear models were used to perform linear tests for trends (from analysis of variance), and multiple regression analysis for which P р 0.01 was deemed to be statistically significant. Logistic regression and analysis of variance were used to test differences between means using the Scheffe test for which P р 0.05 was considered significant. Estimate of the extra vitamin C intake required by cigarette smokers was determined by the ratio of the smoking coefficient divided by an interaction coefficient (smoking by dietary intake of vitamin C), with the standard error calculated by Fieller's theorem. Variables were transformed to normality where necessary, using either logarithmic, square root or reciprocal transformations. Means are presented after adjustment for the effects of age, sex and domicile (whether living in private households or institutions), and nutrient status indices are also adjusted for nutrient intake. Results of further adjustment for total energy intake and/or sociodemographic (social class, region, receipt of benefits), health (self-reported health, depression score) and drug usage (cardiovascular, gastrointestinal, respiratory and infection) variables are reported in the text. Table 1 shows that of the 1191 participants in this study 15% currently smoked cigarettes, the majority of whom were light smokers (Ͻ 20 cigarettes/day). About half of all participants, and more males than females, were previous cigarette smokers, and almost one-third, the majority of whom were women, had never smoked cigarettes.
Results
The association between group characteristics and cigarette smoking is shown in Table 2 . The probability of smoking cigarettes was greater in 65-74 year olds than those 75 years and over, and in males than females. After adjustment for age, sex and domicile, results showed cigarette smoking was more likely in those from manual classes than non-manual, those who received benefits (excluding pensions) than those who did not, those living in Scotland and northern England than central and south-west England, those who reported themselves to be in bad health than those in good health, those with less depression, those not taking cardiovascular and gastrointestinal drugs, and those taking respiratory drugs compared to those not taking them. Of those who smoked cigarettes, heavier smoking was observed in the 65-74 year olds compared to those over 75 years, in males than females, in those living in private households than those in institutions, and in those taking drugs for infections (not presented).
The relationship between smoking status and the probability of consuming different food groups is shown in Table 3 , adjusted for age, sex and domicile. Cigarette smoking was more common in those who reported consuming white bread and whole milk during the 4-day dietary record, and less so in those consuming all types of breakfast cereal, semi-skimmed milk, fish and fruit. After further adjustment for sociodemographic and health variables, significance fell outside the 1% level (P Ͼ 0.01) for white bread (P ¼ 0.03), breakfast cereal other than wholegrain and high fibre (P ¼ 0.03) and fish (P ¼ 0.05). Previous cigarette and cigar/pipe smokers consumed the different food groups to a similar extent to those who had never smoked cigarettes after adjustment for age, sex and domicile (not presented). Table 4 shows mean nutrient intakes in nonsmokers and current smokers, after adjustment for Smokers using both cigarettes and cigars/pipe are classed as cigarette smokers.
age, sex and domicile. Cigarette smoking was inversely correlated with intakes of vitamin C, b-carotene, total carotene, vitamins E, B 2 , and B 6 , folate, vitamin B 1 , zinc, iron, vitamin D, calcium, copper, total energy, carbohydrate and non-starch polysaccharides. After further adjustment for total energy intake, sociodemographic, health and drug usage variables, significance fell outside the 1% level (P Ͼ 0.01) for vitamin C (P ¼ 0.09) and vitamin B 6 (P ¼ 0.07) (not presented).
A large proportion of participants (20% male, 31% female) had energy intakes Ͻ 1.06 basal metabolic rate (BMR) suggesting that, except for the very elderly, the . However, the level of under-reporting was similar across the five smoking groups (for males chi-squared ¼ 2.2, P ¼ 0.7; for females chi-squared ¼ 2.9, P ¼ 0.09).
Multiple regression analysis suggested that older people who smoke cigarettes need more dietary vitamin C than non-smokers to obtain equivalent plasma vitamin C levels. A significant interaction coefficient (P ¼ 0.003) suggested that equivalent plasma vitamin C levels of smokers and non-smokers could be obtained at a certain level of vitamin C intake. The mean extra vitamin C intake needed for plasma levels of cigarette smokers to reach those of nonsmokers was calculated as 112 mg day −1 (SE ¼ 58) but the variance around this mean was wide. Linear regression analysis showed that 35% of the difference in plasma vitamin C between cigarette smokers and non-smokers (after adjustment for age, sex and domicile) was attributable to vitamin C intake, and thus 65% is attributable to other factors including the metabolic effects of smoking. Previous cigarette smokers who had given up р 2 years before had lower intakes of vitamin E than those who had never smoked cigarettes (group A), and those who had given up Ͼ 2 years before (group B), after adjustment for age, sex and domicile. This relationship remained significant (group A P ¼ 0.001; group B P ¼ 0.003) after further adjustment for total energy intake, sociodemographic, health and drug usage variables (not presented). No other significant differences between previous smokers or cigar/pipe smokers and never smokers with respect to mean nutrient intakes were observed after adjustment for age, sex and domicile. Table 5 shows mean blood concentrations of a range of antioxidant, other micronutrient and lipid status indices in non-smokers and current smokers, adjusted for age, sex, domicile and corresponding nutrient intake. Cigarette smoking was inversely correlated with plasma vitamin C, b-carotene, a-carotene, lycopene, lutein and b-cryptoxanthin; directly correlated with erythrocyte glutathione reductase activation coefficient (EGRAC; an increase in this index indicates worsening status of riboflavin); but was not associated with vitamin E status indices (a-tocopherol and g-tocopherol indices). Cigarette smoking was also inversely correlated with plasma pyridoxal phosphate (PLP), plasma retinol, serum folate, red cell folate (RCF) and 25-OH vitamin D, and directly correlated with plasma copper.
After further adjustment for sociodemographic, health and drug usage variables, significance fell outside the 1% level (P Ͼ 0.01) for plasma b-carotene (P ¼ 0.03), lutein (P ¼ 0.17), retinol (P ¼ 0.02) and 25-OH vitamin D (P ¼ 0.03) (not presented).
Previous cigarette smokers, both those who had given up Ͼ 2 years (group A; n ¼ 456) or р 2 years (group B; n ¼ 28) before, had higher mean values for plasma copper than those who had never smoked cigarettes, after adjustment for age, sex and domicile (not presented). This relationship remained significant (group A P ¼ 0.0001; group B P ¼ 0.02) after further adjustment for sociodemographic, health and drug usage variables. Red cell folate was higher in those who had given up cigarettes Ͼ 2 years before than those who had never smoked cigarettes (both before P ¼ 0.004, and after P ¼ 0.04, further adjustment). No other significant differences between previous cigarette smokers or cigar/pipe smokers and never smokers with respect to mean micronutrient and lipid status were observed after adjustment for age, sex and domicile (not presented).
The relationship between smoking status and other factors associated with health is shown in Table 6 . After adjustment for age, sex and domicile, cigarette smoking was directly correlated with a 1 -antichymotrypsin (ACT), alkaline phosphatase, neutrophils and white cells, and inversely correlated with body mass index, mid-upper arm circumference and grip strength. After * Adjusted for age category, sex, domicile and intake of corresponding nutrient (excludes supplement takers to prevent severe skewness of data). Excludes those without a full 4-day diet diary. Weighted means are presented to correct for non-proportional sampling (see subjects and methods section). Analysis of variance used to obtain means with nutrient status indices as the dependent variable, and smoking status as the independent variable. Smokers using both cigarettes and cigars/pipe are classed as cigarette smokers. Variables were transformed to obtain a normal distribution, and means back-transformed: † log, ‡ square root, § reciprocal. II Adjusted for fat intake. III Across the five smoking groups.
L L
Overall residual standard deviation on the transformed scale where relevant. EGRAC, erythrocyte glutathione reductase activation coefficient (riboflavin status); PLP, plasma pyridoxal phosphate; ETKAC, erythrocyte transketolase activation coefficient (thiamin status); Adj., adjusted. Not significant when P Ͼ 0.01.
further adjustment for sociodemographic variables significance fell outside the 1% level (P Ͼ 0.01) for alkaline phosphatase (P ¼ 0.03) and grip strength (P ¼ 0.07), and cigarette smoking, particularly light smoking, became inversely correlated with diastolic blood pressure (P ¼ 0.003; difference between means for light and never cigarette smokers (P ¼ 0.008) (not presented).
After adjustment for age, sex and domicile, previous cigarette smokers who had given up smoking р 2 years before had significantly higher levels of ACT (P ¼ 0.006), neutrophils (P ¼ 0.02), white cells (P ¼ 0.009) and homocysteine (P ¼ 0.047) than those who had never smoked cigarettes (all of which lost significance (P Ͼ 0.05) after further adjustment for sociodemographic factors); and lower grip strength (P ¼ 0.008), red cells (P ¼ 0.002), haemoglobin (P ¼ 0.047), and albumin (P ¼ 0.01) than those who had never smoked cigarettes. Those who had given up Ͼ 2 years before had lower haemoglobin (P ¼ 0.03) than those who had never smoked cigarettes (not presented). After further adjustment for sociodemographic variables, previous smokers who had given up Ͼ 2 years before had higher mean levels of ACT (P ¼ 0.04) than those who had never smoked cigarettes, and those who had given up р 2 years before had higher MUAC (P ¼ 0.03) than those who had never smoked cigarettes. No associations were observed between cigar/pipe smokers and factors in Table 6 after adjustment for age, sex and domicile (not presented).
The probability of current cigarette smokers reporting that they had bronchitis was greater than nonsmokers (6 vs. 3%, P ¼ 0.02), and the chance of previous cigarette smokers having a self-reported long-standing illness was greater than those who had never smoked cigarettes (33 vs. 22%, P ¼ 0.005), after adjustment for age, sex and domicile (not presented). After further adjustment for sociodemographic variables significance of these associations was P ¼ 0.05 and P ¼ 0.02, respectively. Smoking status was not associated with the probability of participants having other specific illnesses such as cancer, diabetes, stroke, heart attack, hypertension, stomach ulcer or other digestive complaints.
Discussion
Analysis in the present study was restricted to the 58% of NDNS participants who provided a full 4-day diary, a blood sample and information on smoking. Although those participants not providing this information tended to differ demographically in terms of age, sex and region, there was no difference between cigarette smokers and non-smokers in those providing a food diary or a blood sample.
Smoking status in this study was assessed by questionnaire only. Biochemical markers such as serum cotinine were not available to determine the accuracy of the reported levels.
A possible source of bias in assessing nutrient intakes is the issue of under-reporting of energy intakes. Although results suggested some participants may have under-reported their energy intakes, the level of underreporting was similar across the five smoking groups, and thus results comparing smokers and non-smokers are likely to be unaffected by the under-reporting.
This study analysed trends across a logical progression of five smoking groups, from never smokers, through previous smokers, cigar/pipe smokers, light cigarette smokers to heavy cigarette smokers. Trends in nutrient intake data using a similar progression have been observed elsewhere 15 , and the numerous trends shown in this study support this approach.
The present study showed that cigarette smoking was inversely correlated with intakes of many antioxidant and other micronutrients, after adjustment for age, sex, domicile, total energy intake, sociodemographic, health and drug usage variables. Reduced intakes of micronutrients in cigarette smokers have also been reported by others [1] [2] [3] . Previous cigarette smoking or cigar/pipe smoking was not associated with lower intakes of nutrients except for a lower intake of vitamin E observed in recent ex-smokers than those who had never smoked cigarettes. In accordance with this study other studies have found that cigarette smokers were less likely than non-smokers to consume fruit 1, 3 , wholegrain and high fibre foods 1 and more likely to consume whole milk 1 . Cigarette smokers may therefore not only be at risk of chronic diseases due to the smoke-induced oxidant load but also due to low intakes of antioxidant nutrients 1, 3 . Increasing the daily consumption of a variety of fruits and vegetables has recently been suggested as a good way of reducing the risk of chronic diseases 24 . The UK Department of Health 31 noted that to maintain body levels of vitamin C near to those of non-smokers, the vitamin C intake of smokers would need to be greater by up to 80 mg day −1 (the equivalent of one mediumsized orange or one average glass/carton of orange juice per day). The present study suggests that older people who smoke cigarettes need a higher vitamin C intake than non-smokers to obtain equivalent plasma levels, but the extra amount needed cannot be reported with confidence in this study due to the large variance surrounding the mean. Only about one-third of the difference in plasma vitamin C levels between smokers and non-smokers was explained by vitamin C intakes in this study, and thus two-thirds may be largely attributable to the metabolic effects of smoking. The susceptibility of micronutrients to cigarette smoke induced depletion has been investigated in in vitro studies, and varies widely 12, 16, 32 . Exposure of plasma to cigarette smoke has shown plasma vitamin C to be depleted quickly, while a-tocopherol appears to be consumed only when ascorbic acid is almost completely destroyed 16 . Of the carotenoids in plasma, lycopene has been reported to be most susceptible, followed by lutein þ zeaxanthin and b-carotene, with cryptoxanthin being less susceptible 32 . Retinol and gtocopherol appeared less susceptible to cigarette smoke degradation than other lipophilic micronutrients measured 32 . The present study showed that after adjustment for age, sex, domicile, nutrient intake, sociodemographic, health and drug usage variables, cigarette smoking was inversely correlated with a number of antioxidant micronutrient status indices including vitamin C and some carotenoids (but not vitamin E status indices) and with other micronutrient status indices, including plasma pyridoxal phosphate, red cell folate and serum folate.
Other studies have also reported significantly lower blood levels of vitamin C 4, 5, 33, 34 , some carotenoids such as a-carotene 33, 34 , b-carotene 6, 10, 33, 34 , b-cryptoxanthin 34 , folate [9] [10] [11] and PLP 35 in cigarette smokers. Like ours, other studies have also found no significant differences in vitamin E status indices 5, 34 . Since a number of factors including nutrient intakes have been corrected for in this analysis, it is likely that the observed differences between cigarette smokers and never smokers in nutrient status indices are largely due to the metabolic effects of cigarette smoking, and not the effects via food choices, sociodemographic factors or health status.
Cigarette smoking in this study was directly correlated with concentrations of the acute phase indicators: plasma copper, white cell count, ACT and neutrophils, after adjustment for age, sex, domicile and sociodemographic variables. Increased levels of acute phase indicators have also been reported by others and may reflect the induction by smoking of an inflammatory response which increases alveolar macrophages and neutrophils in the lungs 21 . The present study also found higher concentrations of some acute phase indicators in previous cigarette smokers compared to never cigarette smokers.
An inverse association was found between cigarette smoking, particularly light smoking and diastolic blood pressure, after further adjustment was made for sociodemographic factors. This result was unexpected but perhaps indicates that those cigarette smokers with high blood pressure have been medically advised to stop smoking.
Previous cigarette smoking was not associated with lower blood concentrations of micronutrients in this study, indicating that the adverse effects of smoking on micronutrient status may be reversible within the first 2 years of stopping smoking. It was not possible in this study to look at shorter periods of smoking cessation due to the small sample size of recent ex-smokers. A recent study has shown that cessation of smoking can improve plasma antioxidant status acutely (within 84 h), despite no change in food habits 14 .
In conclusion, this study has found that older people who smoke cigarettes are at increased risk of suboptimal intakes and blood concentrations of antioxidants and other micronutrients, but the lower intakes found in cigarette smokers only partly explain their reduced blood indices. Cigar/pipe smoking and previous cigarette smoking were not generally associated with lower micronutrient intakes and status in this study, and this suggests that the adverse effects of cigarette smoking on nutrient intakes and status are reversible. Current and previous cigarette smoking was also associated with higher concentrations of acute phase indicators. Older people who smoke cigarettes should be encouraged to stop smoking, but where this is unsuccessful they need to have access to a range of palatable, micronutrient-rich foods and be encouraged to consume a healthier diet, and in particular, to consume a variety of fruits, fruit juice and vegetables.
